The pilot program Kidney Evaluation for You (KEY) was conducted in Australia to screen for chronic kidney disease (CKD). Targeting people at high risk (those with diabetes, hypertension, a first-degree relative with kidney failure, or age 450 years), KEY aimed to establish community-based screening protocols, assess efficacy in promoting changes in risk-factor management, and explore participant CKD awareness. KEY offered free cardiovascular and kidney checks using point-of-care testing for on-site pathology measurements (estimated glomerular filtration rate, hemoglobin A1c, cholesterol, hemoglobin, albuminuria), lifestyle assessment, and exit interviews. Participants were telephoned at 3 months to ascertain whether KEY advice had been followed. Community and health professional support was strong; 99% of participants rated involvement as beneficial. Of 402 high-risk individuals recruited, findings were suggestive of CKD in 20.4%. Of these, 69% had hypertension, 30% diabetes, and 40% elevated total cholesterol. All participants with CKD stage 3b or higher were aged 461 years. Overall, 58% of participants were referred to their primary care providers for further action; of these, 82% saw their doctors in the next 3 months and 94% discussed KEY results. Follow-up telephone contact was successful for 82% of participants. A change in management occurred for 67%. Thus, the KEY approach to early detection of CKD and selected referral of participants was largely successful.
The burden of chronic kidney disease (CKD) in Australia seems to be increasing. The rate of acceptance to Australian dialysis and transplant treatment programs has increased by about 140% in the last decade, and prevalence of patients on dialysis has more than doubled in the last 12 years. 1 Prevalence of CKD stages in adult Australians (aged more than 25 years), as assessed in the AusDiab study, has been shown to be equivalent to prevalence in other developed countries; about 13.4% have CKD stages 1-5 and 7.8% have CKD stage 3-5. 2,3 A recent overview of CKD in Australia includes information on prevalence, incidence, risk factors, health service use for CKD, CKD mortality, and the impact of CKD. 3 Although the AusDiab survey has not been replicated, Australian prevalence of early CKD seems to have risen in recent years, driven by higher numbers of people with diabetes and the increasing age of the population. The situation is considered similar to that in the United States, where prevalence of CKD stages 1-4 increased from 10% in 1988-1994 to 13.1% in 1999-2004. 4 Early recognition of CKD is made difficult by its largely asymptomatic nature. As one consequence of this, about a quarter of all patients in Australia present to their nephrologists with kidney failure less than 90 days before starting dialysis, and this fraction is not decreasing. 5 Recent data in the United States Renal Data System (USRDS) 2009 Annual Data Report showed that only 57.2% of patients had visited nephrologists before initiation of renal replacement therapies. 6 An early CKD diagnosis potentially allows exercise of preventive measures that may favorably affect clinical outcomes, and, for patients with progressive kidney failure, facilitate smooth, orderly, and less-morbid transition to dialysis or transplant.
Evidence supports a strategy for control of CKD through early detection and intensive management of three risk factors for CKD and its progression: diabetes, high blood pressure, and protein in the urine. An Australian study showed that in primary care, opportunistic screening of patients aged 50-69 years and intensive management of screen-detected patients with diabetes, high blood pressure, or protein in the urine is likely to be a cost-effective strategy for preventing kidney failure and cardiovascular morbidity and mortality. 7 Systematic screening for CKD is not widely practiced in Australia. Screening is accomplished through simple tests, such as a urine test for albuminuria or proteinuria, a blood test for creatinine, and blood pressure measurement. It is generally agreed that screening the whole population for CKD is not cost-effective, and that any screening approach should target a high-risk segment of the population. 8 Targeted screening can occur in two ways: community-or workplace-based screening with testing offered to all who choose to enrol, and opportunistic screening in primary-care settings with testing offered to people without CKD symptoms who present to the health-care system for other reasons. The relative merits of these two approaches in Australia have recently been reviewed. 9 The World Health Organization principles of screening for disease were published 40 years ago, 10 and continue to underpin current screening recommendations in Australia. 11 Screening for CKD is considered to fulfill most of these criteria.
In June 2007, Kidney Health Australia received funding from BHP Billiton and the Commonwealth Department of Health and Ageing to conduct a pilot study of a targeted CKD early detection program in the Australian community and workplace. The principal objectives of the Kidney Evaluation for You (KEY) project were the following:
K To test an effective and affordable means of finding early CKD in high-risk individuals and referring them to primary health-care providers for appropriate long-term care.
K To promote preventative health behaviors by increasing awareness of modifiable risk factors for CKD (and other chronic diseases with common risk factors) in the sampled communities.
K To engage primary health-care providers in the early detection and management of CKD.
K To raise awareness of CKD in the tested populations.
The project aimed to provide free kidney health checks in up to four selected communities (at least one each metropolitan, regional, and remote) over a 1-week period to produce a final sample size of 400 participants. A national Steering Committee was formed to oversee development of KEY in relation to methodology, educational materials, project evaluation, and preparation of the final report, within agreed-upon timeframes and in collaboration with Kidney Health Australia staff nominated to assist with this project.
In the United States, after an initial pilot program that screened 889 individuals at increased risk for kidney disease in 21 cities from April through to October 1997, the US National Kidney Foundation (NKF) launched a nation-wide community-based kidney health screening program (the Kidney Early Evaluation Program, KEEP) in August 2000. 12 At present in its ninth year of operation, NKF KEEP has screened more than 128,000 participants. KEEP targets populations aged 18 years and older with a history of diabetes or hypertension or a first-order relative with diabetes, hypertension, or kidney disease. Because of comparable eligibility criteria, comparing participant characteristics and biochemical test results between KEY and KEEP under a common set of disease definitions and health screening questions is research relevant, even though KEY has just begun with a pilot study.
RESULTS
Of 421 participants initially enrolled, 402 were eligible for inclusion in the study and were assigned to mutually exclusive eligibility categories according to the following hierarchy: aboriginal or Torres Strait Islander, 2%; previous diagnosis of diabetes, 18%; previous diagnosis of hypertension, 35%; age 450 years, 40%; first-degree relative with end-stage kidney disease, 5%. About half of the participants had multiple risks for CKD, including 4% with three or more risk factors. Fifteen participants (4%) indicated previous kidney disease diagnoses.
The mean age of participants was 58.0 ( ± 11.1) years; 84% were aged 450 years. Of the sample, 53% were men, approximately half had completed at least 11 years of schooling, and 59% were employed. Most participants (85%) reported seeing a general practitioner regularly, and 90% of these had visited their doctors in the last 6 months; 87% of participants agreed to have KEY findings forwarded to their nominated general practitioners. Comparable descriptive data for NKF KEEP participants and additional demographic data for KEY participants, including a breakdown by location of testing, are found in Table 1 .
One-third of participants considered their health to be very good or excellent, compared with 29% in NKF KEEP. Of the sample, 12% were smokers and 50% consumed more alcohol than the recommended two standard drinks per day; 16% indicated that they ate the recommended five servings of vegetables per day, and 25% added salt to their cooking or to food at the table. Obesity was diagnosed in 44% of participants, and mean body mass index was 30.0 ( ± 4.7) kg/m 2 for men and 28.5 ( ± 6.1) kg/m 2 for women. Awareness of selected facts about CKD was low. Only 14% of participants knew that one 'could lose up to 90% of kidney function before feeling sick,' and 13% correctly identified that a third of adult Australians are at increased risk of CKD. However, common risk factors for developing CKD were well known, with 84-92% of participants identifying these correctly. Similarly, in NKF KEEP, 11.8% of participants were current smokers and 44.4% were obese (body mass index X30 kg/m 2 ), with mean body mass index 29.5 (±5.7) kg/m 2 for men and 30.5 (±7.3) kg/m 2 for women. Proteinuria (one plus or more by dipstick) or microalbuminuria (by quantitative analysis) was found in 13% of participants, and hematuria (by dipstick) in 13% (19% of women, 8% of men). Urine albumin-creatinine ratio (ACR) was not determined in the presence of hematuria, dipstick proteinuria, or positive dipstick leukocyte/nitrite reading, on the basis of the manufacturer's recommendation. Of the 300 participants with interpretable urine ACR, 8% had microalbuminuria. In contrast, microalbuminuria (ACR X30 mg/g) was found in 23.6% when the test was performed on all NKF KEEP participants.
Findings suggestive of CKD were detected in 82 participants (20.4% overall, 23% of men, 17% of women). Of these, 48% were categorized as stage 3 ( Figure 1a ). Subdividing stage 3 into 3a (estimated glomerular filtration rate 45-59 ml/min per 1.73 m 2 ) and 3b (estimated glomerular filtration rate 30-44 ml/min per 1.73 m 2 ) showed 38 and 10% with results suggestive of each, respectively. The yield of CKD was age related; all participants with findings suggestive of stage 3b or higher were aged X61 years ( Figure 2 ). NKF KEEP CKD prevalence data by stage are illustrated in Figure 1b . The yield of CKD was also age related; 58% of participants with CKD were aged 460 years, and 81% of this group had CKD stage 3 or higher.
Chronic kidney disease presence was associated with hypertension (treated or untreated) in 69% of KEY and 76.4% of NKF KEEP participants, with diabetes (defined as being on medication for diabetes or with abnormal hemoglobin A1c (HbA1c)) in 30% of KEY participants, and with elevated total cholesterol or taking cholesterollowering medication in 40% of KEY and 59.5% of NKF KEEP participants. The HbA1c test was introduced in NKF KEEP only in June 2008; however, presence of CKD was associated with diabetes defined as on medication for diabetes or with an elevated glucose level (fasting blood sugar X126 mg/dl, nonfasting blood sugar X200 mg/dl) in 24.4% of NKF KEEP participants.
In KEY, blood pressure greater than 140/90 mm Hg was detected in 43% of participants (vs 43.7% in NKF KEEP). An additional 17% (vs 24.3% in NKF KEEP) had normal blood pressure readings but reported being on blood pressure medication. Thus, 60% of KEY participants (vs 68% in NKF KEEP) were considered hypertensive; new hypertension was diagnosed for 24% (vs 15.3% in NFK KEEP). Of participants already taking antihypertensive medication, blood pressure readings were not at target levels for 51% ( Figure 3 ). Rates of untreated hypertension were highest among participants aged 31-45 years (28%) and 46-60 years (30%). The location factor for untreated hypertension was striking; 46% of participants from a rural mining town had untreated elevated blood pressure, compared with 14% from a regional center and 17% from a city. Participants from the rural mining town were significantly younger than other participants, and were more likely to be men and less likely to report having a regular doctor.
Hemoglobin A1c testing was performed for all 402 participants, and only one elevated HbA1c (47%) was found In KEY, 4% of participants (vs 11.6% in NKF KEEP) had hemoglobin levels diagnostic of anemia. For 9 of the 16 participants with anemia, findings suggestive of CKD were present, a yield of anemia in the CKD group of 11% (vs 18% in NKF KEEP).
Follow-up by telephone at 3 months after assessment was successful for 82% of participants (vs 30% in NKF KEEP). The rate of successful follow-up was highest among participants from the regional center (90%), and lowest among those from the metropolitan location (70%). The rate was also low among younger participants (33% for ages 18-30 years compared with 86% for ages 46-60 years). Follow-up was accomplished equally when assessed by sex, employment status, and referral to a general practitioner.
Of the 402 participants, 58% were referred to see their general practitioners, because of at least one abnormality in CKD or cardiovascular risk assessment. Of those who were referred, 82% (vs 71% in NKF KEEP) reported visiting their general practitioners in the next 3 months, and 94% (vs 67% in NKF KEEP) of these reported discussing screening results (Figure 4 ). Of participants not specifically referred back to 
their general practitioners because of KEY-detected abnormalities, 69% visited their general practitioners in the next 3 months, and 80% of these reported discussing KEY results. Management changes (new or changed prescription, changes in lifestyle, early review) were self-reported by 67% of the 224 participants who visited their doctors and discussed the KEY results. A new medication was prescribed for 21% of this group, and 8% were referred to specialists. For 86% of participants who were referred back to their doctors and who discussed the KEY findings, at least one new test was ordered or initiated by the doctor at that visit (including blood and urine tests, cystoscopy, and kidney/ bladder ultrasounds). The 34 participants with findings suggestive of CKD stage 3 or higher are of particular interest; 30 of these went back to their doctors, 29 reported discussing the KEY findings, and 20 (59%) made management changes as a consequence.
Self-reported lifestyle changes were initiated as a consequence of KEY participation by 46% of those with follow-up information. Changes included improved nutrition (e.g., responses indicating more healthful eating through reduced fat content, salt content, or portion sizes) reported by 33% of participants, increased exercise reported by 27%, weight loss reported by 19%, and smoking cessation reported by 3%. Awareness of CKD facts was reassessed at telephone followup; increased awareness was found, particularly regarding general kidney knowledge and CKD risk factors.
Of KEY participants who completed follow-up, 99% (vs 99.3% in NKF KEEP) reported that taking part had been beneficial for them. The point-of-care pathology testing received favorable comment; 99% of participants reflected on its convenience and 96% reported that the immediate results assisted them in understanding their condition.
DISCUSSION
The KEY program successfully recruited 402 eligible participants from three diverse Australian communities: a rural mining town, a regional center, and a metropolitan capital city. Recruitment targets were readily achieved at each site despite a limited, low-budget advertising campaign using local newspapers, radio stations, and posters.
A condition of eligibility for KEY was the presence of at least one specified risk factor for CKD. About half of the participants had multiple risk factors, including 4% with 3 or 1+ change initiated by general practitioner n = 109
Discussed KEY results n = 146
Discussed KEY results n = 78
Follow-up successful, n = 329
All participants, n = 402
Referred to general practitioner n = 188
Not referred to general practitioner
Visited general practitioner n = 155
No changes initiated by general practioner n = 37
Visited general practitioner n = 97
No changes initiated by general practioner n = 38 1+ change initiated by general practitioner n = 40 o r i g i n a l a r t i c l e more; 84% of participants were aged older than 50 years, and half of them had no other risk factor. Previously diagnosed hypertension was present in 47% of the KEY cohort, compared with 30% prevalence found in adult Australians in the AusDiab study; diabetes was present in 19% of the KEY cohort, compared with 7.6% in the Australian population. 3 Our findings are similar to NKF KEEP and to other programs reported in this supplement, demonstrating widespread agreement among screening programs targeted at high-risk populations. [13] [14] [15] Participant demographic profiles differed by site (Table 1) . Regional center participants were older, less educated, less likely to be employed, and less likely to be men. These differences reflect the fact that regional center enrolment was entirely from the community, whereas the workplace contributed a significant proportion of recruits at the other two sites.
The finding of evidence suggestive of CKD in 20.4% of the 402 eligible participants reflects the targeted nature of this study. The yield from the whole community in the AusDiab study (adults aged 425 years) was 13.4%. 3 The KEY CKD yield was somewhat lower than that in NKF KEEP, which reported a yield of 27.1% in a cohort of 61,675 participants using similar eligibility criteria. 16 Updated CKD prevalence reported in the 2008 NKF KEEP Annual Data Report was 26.2% among 89,622 participants. 15 This may reflect the absence of African-American participants, who are overrepresented in KEEP, and among whom CKD prevalence is known to be high. The low recruitment rate of indigenous people (well recognized to have a heavy burden of CKD) in KEY reflected the choice of recruitment sites, an issue that should be addressed in future programs. CKD yield was highest in the regional center (24%), where participants were on an average 9 years older than participants in the rural mining town and 6 years older than those at the metropolitan site, findings in keeping with the well-recognized increasing CKD prevalence with age. The age cutoff for recruitment to KEY was set arbitrarily at 50 years. The yield of moderateto-severe CKD would have been substantially increased with a higher age cutoff, as all participants with findings suggestive of CKD stage 3b or higher were aged older than 61 years. Of participants aged less than 50 years, 15 of 16 with findings suggestive of CKD had stages 1 or 2. These observations suggest that targeted screening program criteria may serve better if based on a decision tree analysis in which age, diabetes, hypertension, and cardiovascular disease interact to determine the best yield, versus traditional risk-factor approaches. The USRDS recently reported a decision tree analysis suggesting age cutoff at X60 years, and that people aged less than 60 years with diabetes and hypertension should be targeted. 17 Two methodological characteristics of the KEY protocol make our estimation of CKD prevalence in this sample a conservative one. We chose not to include hematuria in our definition of CKD for the purpose of this survey, although it is included in the accepted Kidney Disease Outcomes Quality Initiative (KDOQI) definition of CKD. 18 In part, this was in recognition of the fact that hematuria needs to be shown to be persistent (about half of repeat tests are negative), and to be shown to reflect kidney damage and not a urological cause, particularly in an elderly population. We also followed the manufacturer's (Siemens, Munich, Germany) instruction that microalbuminuria testing should not be performed in the presence of significant proteinuria, hematuria, or leucocyturia. This decision excluded 25% of participants from microalbuminuria assessment. A unique component of the KEY study was the use of point-of-care testing for pathology measurements rather than transporting blood and urine samples to a centralized laboratory for analysis. This approach was chosen for several reasons, including the recent availability of a validated and IDMS-aligned creatinine measurement on a point-of-care testing device. 19 One trained operator completed measurements on five point-of-care testing devices (separately measuring blood cholesterol, creatinine, HbA1c, hemoglobin, and urine ACR) within 10 min, and could handle specimens from up to 30 participants each day. Other attractive features of point-of-care testing include the capacity to inform participants about their results on the spot, and to formulate and discuss with them appropriate advice and recommendations. Training nurses to be competent in using point-of-care testing devices was readily accomplished in a 1-day training session.
The overlap of cardiovascular disease, diabetes, and CKD is such that the KEY program was considered to be an appropriate opportunity to assess CVD risk in participants. However, each additional test adds cost, time, and complexity to the program. The yield of new diabetes was strikingly low, with only one new case found among 321 nondiabetic participants. The yield of abnormal cholesterol levels was also low. Similarly, anemia was present in only 16 of 401 participants, and 9 of them had CKD. All anemia cases were mild.
Blood pressure was found to be above target levels in 42% of participants. Of those already taking antihypertensive medication, blood pressure was above target levels for 51%. Untreated hypertension was found in 42% of participants from the rural mining town, three times the proportion found in the regional center. The AusDiab study finding of untreated hypertension in the Australian adult population was 15%. 20 KEY findings are consistent with NKF KEEP findings, in which 40% of the entire cohort and 54% of participants with prescribed antihypertension medication had elevated blood pressure. These findings indicate substantial potential for improvement in blood pressure management for participants, supporting the targeted nature of the program.
The high rate of contact and discussion by KEY participants with their own doctors can be interpreted as evidence that the information the program provided was perceived as important and contributed to overall care. Most participants had recently seen their general practitioners. Thus, it would seem that we were relatively unsuccessful in S14 Kidney International (2010) 77 (Suppl 116), S9-S16 o r i g i n a l a r t i c l e reaching people with poor access to primary health care, a shortcoming also demonstrated in NKF KEEP. Both programs seemed to attract highly motivated individuals with good access to the health-care system. Change in medical management (new or changed prescription, changed lifestyle, early review) was reported by 67% of the 224 participants who visited their doctors and discussed KEY results, suggesting that KEY participation might have improved health outcomes. However, the full impact of the KEY program is difficult to determine, as these results are based on self-report data only. Longer-term follow-up of KEY participants would help determine whether changes lead to sustained improvement in risk-factor control and potential progression of kidney disease.
Several limitations apply to interpreting and using data from the KEY project. These include small sample size, potential selection bias through recruitment by advertising, self-determination of eligibility, short follow-up time, and self-reporting of outcomes. These limitations were intrinsic to the pilot study. It was not designed or funded to provide evidence of improved physical outcomes. Such evidence would allow assessment of the cost-effectiveness of this targeted approach to the early detection of asymptomatic CKD. Owing to the limitations, any conclusions from this study must be interpreted with caution.
This pilot study of a targeted community and workplace CKD screening program was highly successful in recruiting participants, engaging local health professionals in education sessions, generating significant publicity through local media despite a limited advertising budget, and detecting CKD. Connection back to local doctors was successful, and changed management as a consequence of KEY participation was reported by two-thirds of participants. However, given the substantial cost of mounting a program such as KEY, future studies would be needed to establish the cost-effectiveness of targeted screening and potential changes in age cutoff to improve the yield. The alternative way of early CKD detection through targeted opportunistic screening in general practice has already been established to be cost-effective 7 and may prove to be the most sustainable approach in this country. 9 The most important observations, however, relate to poor risk-factor control in the CKD population, supporting the need for primary care to address this high-risk population. Future studies from multiple countries will be needed to determine effectiveness and the ability to motivate the general public and physicians to assess CKD in targeted groups.
MATERIALS AND METHODS
The Ethics Committee of the Australian Government Department of Health and Ageing approved the study, and written informed consent was obtained from all participants before testing. Data collection, storage, and use were consistent with the National Privacy Principles in the Privacy Act 1988. Once informed consent was obtained, each participant was allocated a unique four-digit identification number. This was recorded on all data collection forms and was used to code the data.
During early 2008, the KEY program was offered to three geographically diverse communities: Townsville, Queensland, a regional center with a population of about 150,000 people; the Roxby Downs region, South Australia, a rural mining town with a population of about 4500 people; and Perth, West Australia, a metropolitan capital city with a population of about 1.5 million people. Participation in the project was promoted through printed materials and newspaper articles, and through radio and television interviews. Individuals aged 50 years or older (or 35 years or older if of aboriginal and/or Torres Strait Islander descent), with a firstdegree relative with known end-stage kidney disease, or known to have high blood pressure (treated or not) or diabetes were eligible to participate. Eligible individuals used a free-call 1800 phone number to book appointments. Participants from the rural mining town and the metropolitan city included a mix of mining company employees (the company was a joint sponsor of the project) and members of the general public. Before or during the KEY testing period, CKD education workshops were held for local health professionals to inform them of the KEY program and the importance of early CKD detection.
The KEY testing procedure consisted of a series of work stations operated by a renal nurse or scientist, and were held at a community venue or company workplace. Participants moved through the testing stations, had blood and urine samples tested on site, and received all results by the end of the appointment.
Blood pressure measurements were performed in accordance with clinical guidelines produced by the National Heart Foundation of Australia, 21 with hypertension (more strictly an 'elevated blood pressure,' as this study included only one blood pressure reading) defined as systolic blood pressure X140 mm Hg, diastolic blood pressure X90 mm Hg, or current use of antihypertensive drugs irrespective of blood pressure reading.
Point-of-care testing devices were used to analyze blood and urine (abnormal cutoff levels in parentheses) for the following clinical factors: Urine dipstick analysis for glucose, ketones, blood, protein, nitrite, and leukocytes preceded urine ACR measurements. Daily analytical performance checks on all point-of-care testing devices using quality control materials were performed.
The blood creatinine measurements obtained from the iSTAT device were aligned to the IDMS standard and bias was corrected after a detailed validation study was performed. Estimated GFR in ml/min per 1.73 m 2 was calculated using the Modification of Diet in Renal Disease Study 22 formula. CKD was defined and staged in accordance with the KDOQI guidelines. 18 The single eGFR result obtained during KEY could not establish a CKD diagnosis; abnormal results were interpreted to participants and their local doctors as suggesting CKD and requiring confirmation.
Additional clinical factors recorded included age, sex, body mass index, waist-hip ratio, reported diagnosis of hypertension and use of antihypertensive therapy, diabetes and use of antidiabetic medications, high cholesterol and use of lipid-lowering drugs, and family history of end-stage kidney disease. Recorded lifestyle factors included smoking behavior, alcohol consumption, physical exercise, salt habits, and daily fruit and vegetable intake.
At an exit interview with a renal nurse, participants were advised to visit a general practitioner if their clinical results were categorized as abnormal. With participant permission, test results were forwarded to the nominated general practitioner. Each participant was provided a copy of the test results and a package of educational material.
Three months after completing KEY, participants were followed up by telephone (with a minimum of three contact attempts) to obtain details regarding subsequent visits to health-care providers, reassess CKD awareness, and record any clinical interventions that had occurred as a result of KEY participation.
Statistical analyses were performed using SPSS (version12.0; SPSS, Chicago, IL, USA). Differences between continuous variables were tested using one-way analysis of variance. Differences between categorical variables were tested using w 2 -test (when comparing two groups) or general linear models (when comparing three or more groups). McNemar's test was used to assess differences between two paired groups (changes in kidney awareness at follow-up). The Bonferroni test was used for all post hoc comparisons. A two-tailed significance level of 0.05 was used for all tests.
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